The Implementation of Photovoltaic
Transportation Devices
Author

Young, William R.

Publication Number
FSEC-PF-248-93

Copyright
Copyright © Florida Solar Energy Center/University of Central Florida
1679 Clearlake Road, Cocoa, Florida 32922, USA
(321) 638-1000
All rights reserved.

Disclaimer
The Florida Solar Energy Center/University of Central Florida nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the Florida Solar Energy Center/University of Central Florida or
any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of
the Florida Solar Energy Center/University of Central Florida or any agency thereof.

THE IMPLEMENTATION OF PHOTOVOLTAIC TRANSPORTATION DEVICES
ASES REPORT

Category SE-4
December 9, 1992

Submitted to:
American Solar Energy Society
Denver, Colorado

Submitted by:
William Young
Florida Solar Energy Center
300 State Road 401
Cape Canaveral, FL 32920

FSEC-PF-248-93

TABLE OF CONTENTS

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.0 HISTORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3.0 STANDARDS AND REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4.0 PRESENT PROGRAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
5.0 PROJECTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
6.0 HURRICANE ANDREW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
7.0 CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
10.0 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

THE IMPLEMENTATION OF PHOTOVOLTAIC TRANSPORTATION DEVICES

William Young, Jr.
Florida Solar Energy Center
300 State Road 401
Cape Canaveral, Florida 32920 USA

ABSTRACT

of photovoltaic (PV) cells or modules.

The Florida Solar Energy Center (FSEC) and the Florida
Department of Transportation (FDOT) are currently involved
in a program to implement solar electric (photovoltaic)
powered applications in the transportation sector. The
objective of the program is to encourage the widespread use
of cost-effective, transportation related, photovoltaic-powered
systems in all areas of traffic control.

The application of photovoltaics to power transportation
devices for traffic control permits their operation at any
location sunlight is available.

Transportation departments have generally relied on
conventional practices of using generators, primary batteries,
and extensions of utility grid to fulfil their power needs.
There exist many remote and conventional electric power
requirements within the FDOT that may be effectively
satisfied by photovoltaic (PV) power. Applications ranging
from various types of lighting systems to a variety of traffic
safety devices can effectively be PV powered. Hurricane
Andrew offered a unique opportunity to evaluate PV powered
systems in emergency traffic control situations.

Over the years, several programs involving research,
development, application, implementation and technology
transfer of the use of photovoltaics in the transportation sector
have been completed. The first program between FSEC and
FDOT was started in 1982 with two application projects.
This report summarizes the work performed by the Florida
Solar Energy Center (FSEC) and the Florida Department of
Transportation funded in part by the Florida Energy Office
(FEO) on the program entitled Photovoltaic Implementation
Program (PIP).

The present program solicited applications from FDOT for PV
powered traffic control application projects. FSEC, FDOT
and businesses working together developed, designed and
completed selected projects. Installed systems are monitored
and performance evaluated by FSEC.

Presently, the Photovoltaic Implementation Program is to
stimulate the widespread use of cost-effective photovoltaic
systems in the Florida transportation sector. The program is
to be accomplished by funding a number of PV demonstration
projects throughout the FDOT districts. These projects must
demonstrate the potential for viability, enhanced public
safety, cost savings and transferability.

1. INTRODUCTION

2. HISTORY

There are a number of transportation devices used by the
Florida Department of Transportation (FDOT) that require
electrical power to operate where none is available or
inappropriate to use. In the past, power for devices at remote
sites either required costly extension of utility power or
alternate electrical power supplied by generators or batteries.
Solar energy generates electric power from sunlight by the use

In 1982, FSEC and FDOT started their first program together.
The program analyzed the feasibility and reliability, cost
effectiveness of photovoltaic power and wind generated
power for remote traffic control devices (1). Actual
performance data was reported on the two projects along with
sizing methods, specifications, installation and maintenance
requirements. The two project applications were: 1)

monitoring a PV powered railroad crossing detection and
warning signal and 2) the design, construction, and monitoring
of a flashing traffic light signal.
The next program between FSEC and FDOT was to design,
install and monitor a PV powered lighting systems for
overhead guide signs (2). The sign was located on the Bee
Line Expressway, near Titusville, FL. to direct vehicles to
north or south bound I-95. This location is miles from utility
power. The PV powered lighting system was installed on the
sign structure in 1988 as shown in Fig. 1.

development of specifications. The design and performance
specifications developed for the projects take into account
both; established PV system design practices and standards,
and regulations and standards governing traffic control
equipment.
Traffic control devices are required to be certified by FDOT
Traffic Operations Engineer (8). Transportation equipment
not directly effecting traffic control is not required to be
certified. Therefore, PV powered traffic signals are required
to be certified, whereas, PV powered street lights are not.
Certification of required equipment is obtained before the
application is placed into service.

4. PRESENT PROGRAM
Presently, FSEC and FDOT are completing the Photovoltaic
Implementation Program that began in June 1991. The
objective of the program is to encourage the widespread use
of photovoltaic power transportation systems in cost-effective
applications in all Districts of the Florida Department of
Transportation. The program is to demonstrate the capability
of photovoltaic technology to meet specific FDOT demands
and application requirements for electrical power.
Fig. 1. PV Powered Lighting System
FSEC administered a PV demonstration program that
provided area lighting at the Alvin Ward Public Park (3). Six
PV powered lighting systems were installed on the boat ramps
on Lake Okeechobee (4). Due to the park's remoteness, utility
power was not available.
A program to develop, implement, and evaluate the
application of photovoltaics for the transportation sector was
completed in 1991 (5). The main objective of the program
was to provide technology transfer to FDOT. A survey of
industry and government agencies for existing and future
applications was conducted. The information obtained was
incorporated into a design guide and a few demonstration
projects. A workshop was conducted to educate FDOT
personnel in the application of photovoltaics to transportation
equipment.

3. STANDARDS AND REQUIREMENTS
Public safety is an important aspect in the transportation
sector. To ensure public safety, equipment is required to meet
minimum standards in both state (6) and federal regulations
(7). The requirement to meet standards encompasses both the
transportation and PV sectors. FSEC and FDOT worked
together on the technical design of the projects and the

The program solicited requests in the form of a Letter of
Interest (LOI) for applications from FDOT district personnel
(9). A selection committee composed of representatives from
FSEC, FDOT and the Florida Solar Energy Industry
Association (FlaSEIA) evaluated the LOI applications. The
committee reviewed the projects using the following criteria;
project feasibility, cost-effectiveness, practicality, and
viability of replicating the specific application throughout
Florida. The selection committee selected application
projects for funding and implementation.
Each project is developed by the coordinated effort between
FSEC and the corresponding FDOT districts. FSEC is
responsible for the administration all phases of the projects.
The technical design of each selected project is completed and
specifications are developed.
After final designs and
specifications are completed, the systems are procured and
installed. Qualified businesses are awarded contracts to
provide systems or components. Systems are constructed and
installed at their sites in the requesting district. The projects
are monitored and their performance documented by FSEC.
Selected applications are in varying degrees of completion.

5. PROJECTS
There are many remote and stand-alone electric power

requirements for FDOT equipment that are effectively
satisfied by photovoltaic power. The amount of power needed
varies depending on the device. There are over 50 types of
transportation related devices that require electrical power.
Over the years FSEC has participated in at least 17 PV
powered transportation related projects as shown in Table 1.
TABLE 1. PV Powered Transportation Projects
1. Flashing traffic signal experiment
2. Railroad crossing detection and warning signal
3. Dual overhead guide sign lights
4. Public park boat ramp lights
5. Public beach park area lights
6. Portable changeable message sign
7. Bridge navigation lights on SR 192
8. Overhead guide sign
9 Portable highway advisory radio
10. Traffic counter
11. Bridge navigation lights on SR 19
12. Flashing warning sign at nesting area
13. Portable traffic signal
14. Remote warning flasher
15. Flashing warning sign at toll
16. Speed warning sign at toll
17. Closed circuit TV traffic control

Local city and county traffic departments have implemented
on their own PV powered transportation equipment. Some
applications installed were call boxes, school crossing flashers
and traffic counters.
5.1 Flashing Traffic Signal Experiment
In 1982, an experiment was conducted to analyze the
feasibility and reliability, cost effectiveness of photovoltaic
power for flashing traffic signals (1). The experiment was
conducted by the University of Central Florida and FSEC for
the FDOT. The signal was designed, constructed and
monitored with actual performance data obtained over eight
months of operation at FSEC.
The flashing traffic light signal had a 12" lens requiring a
minimum light flux of 1570 lumens. The signal had a
ON/OFF flash controller. The system operated at 12 volts
with a lamp draw of 2.75 amps when on. The PV system used
8 modules mounted at 45E. The battery storage system used
6 volt 100 amp-hr lead-acid batteries for a total of 6 batteries
to meet the energy requirements.
5.2 Railroad Crossing Detection and Warning Signal

In February of 1981, Florida East Coast Railroad (FEC-RR)
install a PV powered railroad crossing signal detection and
warning signal at Beau Gest Park at U.S. 1 in Cocoa, Florida
(1). As many as 30 trains activate the crossing each day.
FSEC in cooperation with FEC-RR installed monitoring
equipment to evaluate the reliability and performance of the
PV powered system.
The system consist of a approach detector, two gate motors,
14 flashing lamps, controllers, and PV power system. The
PV power system was divided into two independent
subsystems: 1) to power the approach detector and 2) to
power the gates and lights.
Each subsystem consist of PV modules, batteries, and a
charge controller. The detector power subsystem uses 4 PV
modules and 18 parallel/series connected Ni-Cd batteries.
The PV subsystem for powering the gate motors and the
lamps uses 24 similar PV modules and 27 parallel/series
connected similar batteries.
5.3 Dual Overhead Guide Sign Lights
The program between FSEC and FDOT designed, installed
and monitored a PV powered lighting systems for overhead
guide signs (2). The sign was located on the eastbound lanes
of the Bee Line Expressway, State Road 528, near Titusville
to direct vehicles to north or south bound I-95. This sign is
miles away from utility power. In 1988, the PV powered
lighting system was installed on the sign structure for two 12
foot by 18 foot signs.
Each sign was illuminated by three 40 watt fluorescent lights
operating a maximum of 15 hours in the winter. The
electrical power was generated by an array of 24 modules
rated at 60 watts each, connected in 12 parallel strings. The
system operated at 24 volts with a 1200 amp-hr battery bank.
5.4 Public Park Boat Ramp Lights
A PV demonstration program administered by FSEC
completed a project to provide area lighting at the Alvin Ward
Public Park near Moore Haven (3). Six PV powered lighting
systems were installed on the Glades County boat ramps on
Lake Okeechobee. Utility power was not available due to the
park's remote location on the lake.
Each lighting system consisted of fluorescent fixture, PV
module, battery, and controller mounted on a wood utility
poles over 15 feet above the water and/or ground level. Two
PV modules rated at 50 watts powered a 9 watt fluorescent
lamp and 12 volt dc ballast.

5.5 Public Beach Park Area Lights
The City of Venice participated in a PV demonstration
program administered by FSEC. The project provided area
lighting at a public park on the beach on the Gulf of Mexico.
The inlet beach fishing park was maintained by the City of
Venice. There were 22 PV powered lighting systems installed
along the outside edge of the park (4).
Each stand-alone lighting system consisted of two fluorescent
fixtures. One 50 watt PV module powered the 9 watt lamps
and 12 volt controller. The lamps were mounted at the top of
a 15 foot pole and the battery box formed the base.

The PV powered lighting system installed used two highefficient fluorescent lamps rated at 36 watts to illuminate the
sign. Four strings of two modules in series form the 480 watt
array to charge the 24 volt system battery.
5.9 Portable Highway Advisory Radio
FDOT wanted to better inform highway drivers of
construction activity on roadway improvements to I-71 from
Ft. Myers to Tampa. The design and construction of a
portable PV powered highway advisory radio system was
requested from industry with SANDIA National Laboratory
and FSEC assistance.

5.6 Portable Changeable Message Sign
After an extensive search in 1990, a PV powered variable
message sign could not be located. The local FDOT district
loaned a generator powered unit for evaluation. The power
consumption of the loaner unit was monitored. It was
determined that an array more than twice the physical size of
the unit would be required for power. An evaluation of other
variable message signs agreed with the loaner unit findings.
Present message signs will require redesigning to lower the
power consumption to a range capable of being PV powered.
Present manufacturers are developing new designs to solve the
power problem. Recently, two manufactures have announced
newly designed PV powered message signs.
5.7 Bridge Navigation Lights on SR 192
FDOT requested FSEC to evaluate the possibility of
converting a utility powered bridge navigational light system
to PV power. The system is on highway U.S. 192 bridge
between the city of Melbourne and the beach. The present
lighting system suffers from power disruptions making the
navigation of the channel through the bridge fenders unsafe.
The system used a 1 Kw array to power eight red bridge
fender lights and two green bridge center lights. The existing
120 vac lamps were replaced by 7 watt 24 volt high-efficient
fluorescent lamps. The 24 volt system controller and batteries
were mounted on a bridge pedestal under the bridge roadway.
5.8 Overhead Guide Sign
In 1991, another program between FSEC and FDOT designed,
installed and monitored a PV powered lighting systems for a
6 foot by 19 foot overhead guide sign. The sign was located
on the eastbound lanes of the Bee Line Expressway, State
Road 528, near Cocoa to direct vehicles to Clearlake Road and
southbound I-95. This sign was one mile from utility power.

The trailer mounted radio system outputs a 3 minute message
from the 10 watt transmitter. The AM radio system transmits
on frequencies 560 kHz or 1610 kHz. The unit transmits up
to 10 different messages 24 hours per day powered by
photovoltaics. The 12 volt PV system uses 4 modules rated
at 60 watts to charge the batteries.
The unit was moved to Miami to assist in hurricane Andrew
disaster recovery. An additional system was purchased for
FDOT by the present program.
5.10 Traffic Counter
Traffic counters placed on expressways allows FDOT to
study traffic flow to determine needs for roadway expansion.
The counter sensors are placed in the pavement and use a 12
volt event processor for measurements. They are usually
powered by one 30 watt PV module and a 40 amp-hr battery
for 24 hour per day operation.
5.11 Bridge Navigation Lights on SR19
The U.S. Forest Service requested FDOT to assist in
converting an existing utility powered bridge navigational
lighting system to PV power. FDOT and FSEC selected the
Oklawaha River Bridge navigational lighting system as part
of its present program. The bridge is located in the Ocala
National Forest on U.S. 19.
The lighting system is divided into a north and south side of
the bridge lighting systems. Each system uses one 30 watt
PV module to generate energy to power three green fender
lights and one red bridge center light. A 200 amp-hr battery
powers the 6 volt lights up to 15 hours per night in the winter.
5.12 Flashing Warning Sign at Nesting Area
The Florida Department of Natural Resources requested

FDOT to assist with the protection of endangered birds
nesting at St. George Island. The birds nest on the causeway
island on State Road G1A and present a hazard to both drivers
and birds, as they cross the road. A flashing warning signal
with a speed limit sign was install to warn and direct drivers
as to the safe speed in this area.
The 200 amp-hr battery is charged by four 50 watt PV
modules mounted on top of the sign pole. The 12 volt
flashing lighting system operates 24 hours per day during the
nesting seasons.

5.16 Speed Warning Sign at Toll
In addition to the flashing warning signs, a PV powered speed
warning sign system is being developed for the I-75 toll booth
near Miami. The system is to be located adjacent to the toll
booths to warn motorist that have not reduced their speed, to
do so. A speed sensor detects the vehicles speed and displays
a warning message to the driver. The toll plaza is the only
structure in this area of the everglades and use of power lines
are restricted.
5.17 Closed Circuit TV Traffic Control

5.13 Portable Traffic Signal
Due to the seriousness of the emergency in traffic control in
the aftermath of hurricane Andrew, Dade County Traffic
Control and local FDOT called for a portable PV powered
traffic signal. FDOT and FSEC was already in the process of
developing a system for its present program. Industry was
surveyed and there were no systems available or manufactured
at the present time.
Two manufacturers developed,
constructed and delivered, the newly developed systems.
The traffic signal has four signal heads with 12 volt red,
yellow and green lights and controller. The system is trailer
mounted with the signal lights placed in the intersection. The
PV system with battery storage operates the signal 24 hours
per day.
5.14 Remote Warning Flasher
FDOT requested a flashing warning signal with a speed limit
sign to be installed at a dangerous intersection in Central
Florida. The system was located on U.S. 441 before entering
Eustis.

A new traffic control system using closed circuit TV is being
installed on expressways in Orlando. Closed circuit TV
monitors mounted on poles are placed along the roadway.
Some locations are in remote areas without utility power.
The TV monitor is powered by a PV system of three PV
modules rated at 50 watts and battery. The system operates
24 hours a day sending traffic information by transmitter to a
central control center.

6. HURRICANE ANDREW
Hurricane Andrew destroyed much of Miami and south Dade
County. The storm destroyed vegetation, buildings, and
structures, including traffic devices along the highway.
Traveling was hazardous with debris in the roadway, traffic
signals damaged or not working, and signs missing as shown
in Fig 2. Some of the electrical transportation devices were
intact, but without power.

Four 50 watt PV modules mounted on top of the sign pole
charge a 200 amp-hr battery. The 12 volt flashing lighting
system operates 24 hours per day to inform drivers of a safe
speed.
5.15 Flashing Warning Sign at Toll
Drivers enter the toll plaza at the east end of I-75 near Miami
at excessive speeds after crossing the openness of the
everglades. Flashing warning signals and signs were placed
before the toll plaza to warn motorist of the approaching toll
plaza.
Four 50 watt PV modules mounted on top of the sign pole
charge a 200 amp-hr battery. The 12 volt flashing lighting
system operates 24 hours per day.
Fig. 2 Damaged Traffic Signal

Concern for the safety of the public now and in the future
prompted the on-site survey and evaluation of the disaster for
the potential for using solar powered systems in emergency
traffic control situations. District 1 traffic engineers
responsible for the south Florida recovery called other
Districts to provide personnel and equipment of all types.

Cooperation", Proceedings of the 1989 Annual Conference,
American Solar Energy Society, June 1989.

Street name signs, roadway guide signs and others items were
destroyed, but only provided an inconvenience to the driver.
Destroyed traffic signals, flashing warning signals, stop signs,
and warning signs were a serious hazard to the safety of
drivers, passengers, and pedestrians. Only the traffic signal
and flashing warning signals required electrical power.

(6) Roadway and Traffic Design Standards, Florida
Department of Transportation, January 1990,

The call for relief equipment brought to Dade county portable
PV powered highway advisory radios, variable message
boards and flashing warning signs. At the time, there were no
suppliers of portable PV powered traffic signals. The request
for portable PV powered traffic signals prompted two
manufacturers to develop, construct and deliver units for
traffic control.

(8) Evaluation Criteria for Traffic Control Devices, Florida
Department of Transportation, May 1991.

7. CONCLUSIONS
The Florida Solar Energy Center and the central office of the
Florida Department of Transportation has enlightened and
expanded the perception of photovoltaic systems to FDOT
District offices.
This coordinated effort in the
recommendation, development, specification and installation
of many applications has provided the experience and training
necessary for the widespread use of the systems. The
successful operation of the projects demonstrate the costeffective potential and reliability of photovoltaics in the
transportation sector.
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